1. Background {#sec245759}
=============

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder. The prevalence of this disease is increasing at a very rapid pace throughout the world. At present the disease affects 415 million people worldwide. India is home for second largest number of adults affected with T2DM after China. As per international diabetes federation (IDF) atlas (2016) it is estimated that one in 11 adults have diabetes. In addition every six seconds a person dies from diabetes ([@A44805R1]). Complications associated with the disease account for the morbidity and mortality attributed to T2DM. Both of metabolic and vascular complications are observed in patients of T2DM. Oxidative stress along with the state of systemic inflammation has been implicated in the pathophysiological mechanisms which involved in cardiovascular complications in these patients ([@A44805R2]). However the exact mechanism of development of these complications is not yet completely understood. It is believed that Inflammatory cytokines like interleukin 6 (IL-6) and metabolites like free fatty acids (FFA) have an important role in ensuing vascular complications. Another important contributor to vascular complication is increased serum TG level. Raised TG levels, often found in T2DM, that are assumed to be associated with systemic inflammation ([@A44805R3]). They are also believed to be independent risk contributors to coronary artery disease (CAD), a major vascular complication associated with the disease. National cholesterol education program- adult treatment panel -III (NCEP ATP III) criteria suggest that TG levels of 2.2 mM and above moderately increased the risk of CAD ([@A44805R4]). The role of TGs in CAD in T2DM is probably associated through increase of oxidative stress which leads to increase the circulating products levels of lipid peroxidation such as malondialdehyde (MDA).

Modulation of TGs occurs by several mechanisms including hydrolysis by enzyme lipoprotein lipase (LPL). One of the recently discovered players in TG metabolism is Apolipoprotein A-V protein (Apo A-V protein). Many studies have been carried out in order to evaluate correlation between Apo A-V protein and serum TG levels. These studies have been provided contrasting reports. However some studies is found a positive correlation between the two, and others reported negative or no association ([@A44805R5]-[@A44805R7]). Therefore Apo A-V protein may be an important piece of the puzzle which may give an insight into role of TG's in the pathogenesis of complications in T2DM.

2. Objectives {#sec245760}
=============

The purpose of this study is to provide a link between TG metabolism, inflammation and oxidative stress in T2DM. In addition this study also aims to evaluate role of Apo A-V in TG metabolism in these patients.

3. Methods {#sec245765}
==========

3.1. Study Design and Subjects {#sec245761}
------------------------------

The study was a cross sectional descriptive study and the participants (n = 80) included patients of T2DM aged 35 - 60 years visiting the diabetes, endocrine and metabolic centre at University College of Medical Sciences and Guru Teg Bahadur Hospital, New Delhi. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and it was approved by institutional ethical committee for human research. The informed consent was obtained from all participants. Diagnosis of T2DM in patients was made based on ADA criteria ([@A44805R8]). Then patients were classified according to the NCEP ATP III criteria into two groups ([@A44805R4]). Group 1 (n = 40): T2DM with TG \< 1.65 mM (n = 40) and Group 2: T2DM with TG ≥ 2.2 mM (n = 40). Group 1 patients were designated as controls and Group 2 as cases. Interviews were conducted in order to collect baseline demographic information and medical history. Thyroid disorders and cardiovascular disease and stroke were assessed from history and examination comprised the exclusion criteria. General physical and systemic examination of all participants was carried out and anthropometric data was recorded. Patients with active infections, renal and hepatic disorders were excluded from the study as were the patients on insulin, hypolipidemic drugs, hormone replacement therapy, thiazide diuretics.

3.2. Power of Study {#sec245762}
-------------------

The power of study was calculated by Dalinga et al study to evaluate Apo A-V protein levels in patient with normal and abnormal TG levels ([@A44805R5]). In order to detect a difference of 13 µg/100 mL in Apo A5 in patients of both groups, the sample size of 40 subjects in each group were sufficient with 80 % power and 95 % confidence level, taking standard deviation of 20 µg/100 mL in the both groups.

3.3. Laboratory Methods {#sec245763}
-----------------------

Blood was collected after overnight fast. Serum was separated within 4 hours, followed by processing for routine biochemical analysis. Aliquots of serum were stored at -80 OC for estimation of serum Apo A-V, IL-6, FFA, insulin and MDA levels. Also plasma was separated from the fluoride vial within 1 hour for glucose estimation. Biochemical parameters (plasma glucose, serum urea, creatinine, transaminases, total bilirubin, total cholesterol (TC), HDL, VLDL and TG) were estimated with system packs on DXC 800 Synchron (Beckman Coulter, USA). HbA1C was evaluated using HPLC (BIORAD D - 10, USA). Fasting levels of Apo A-V protein (BT Biotech, China), IL-6 (Komabiotech, Korea) and insulin (DRG International, USA) was estimated with commercially available ELISA kit following the manufacturer's protocol. Sensitivity of ELISA for Apo A-V estimation was 2.49ng/mL and co-efficient of variation (CV) for intra and inter-assay precision was \< 8% and \< 10% respectively. The minimum detectable concentration of Human IL-6 was \< 2.1 pg/mL and intra and inter assay precision for the method was 4.2% and 6.4% respectively. For the estimation of serum insulin, within assay variability was 2.6% and between assay variability was \< 6%. Analytical sensitivity of this method was 1.76µIU/mL. FFA was estimated with Fluorometric assay kit (Cayman, USA) as per manufacturer's instructions. Intra-assay CV for this method was 5.9% and inter-assay CV was 5.6%.

MDA was estimated spectrophotometrically with thiobarbituric acid (TBA) method ([@A44805R9]). The extent of lipid peroxidation was expressed as MDA (nM). Insulin resistance (IR) in the subjects was calculated using the homeostasis model assessment, with the formula:HOMA-IR = fasting plasma glucose (mM) x fasting serum insulin (μIU/mL) / 22.5. HOMA-IR value more than 2.5 was taken as cut off for diagnosing insulin resistance ([@A44805R10]).

3.4. Statistical Analysis {#sec245764}
-------------------------

Data was analyzed using SPSS software, version 20.0 (Illinois, USA). The comparison of variables between two groups was carried out with students' T-test, if data was parametric and Mann Whitney U test for data which was non-parametric. In order to evaluate the relationship between different parameters, correlation studies were carried out. Pearson correlation coefficients were calculated where the data was parametric and Spearman rho's correlation was calculated for non-parametric data. Partial regression and bivariate regression was also carried out wherever required. P value less than 0.05 was considered statistically significant.

4. Results {#sec245769}
==========

4.1. Demographic Profile of the Patients {#sec245766}
----------------------------------------

Of the 40 patients in control group, 18 (45 %) were males and 22 (55%) were female, whereas in cases group were 14 (35 %) males and 26 (65%) females. The clinical and routine biochemical parameters are shown in [Table 1](#tbl61309){ref-type="table"}. Body mass index (BMI), waist circumference, systolic and diastolic blood pressure, were not significantly different across two groups. Of all patients (n = 80), 12 were on antihypertensive drugs and all the patients except one, were on oral hypoglycemic agents. 56 patients were prescribed both metformin and glimipride, 18 were prescribed metformin alone and 5 were being managed on vidagliptin. One patient in cases group was not taking any medication and was being managed by diet and exercise.

###### Demographic and Clinical Profile of Study Patients^[a](#fn64665){ref-type="table-fn"}^

  Variables                      Group 1 (n = 40)   Group 2 (n = 40)   P Value
  ------------------------------ ------------------ ------------------ ---------
  **Mean age (years)**           51.17 ± 10.42      48.68 ± 10.40      0.294
  **BMI (kg/m** ^**2**^ **)**    28.12 ± 4.94       28.52 ± 4.03       0.696
  **Weight (kg)**                67.88 ± 13.33      67.07 ± 12.27      0.782
  **Waist circumference (cm)**   99.71 ± 10.93      102.22 ± 10.57     0.310
  **Systolic BP (mm of Hg )**    131.20 ± 17.17     131.86 ± 16.65     0.862
  **Diastolic BP (mm of Hg )**   80.61 ± 11.93      84.14 ± 11.00      0.181
  **Creatinine (μM)**            65.41 ± 19.44      60.11 ± 14.14      0.15
  **Urea (mM)**                  9.38 ± 2.23        9.6 ± 2.80         0.56
  **AST (IU/L)**                 29.5 ± 14.0        27.38 ± 7.72       0.67
  **ALT ( IU/L)**                34.7 ± 19.2        28.81 ± 18.06      0.16
  **FPG (mM)**                   7.79 ± 3.07        8.53 ± 2.97        0.287
  **PPG (mM)**                   11.41 ± 2.83       12.57 ± 5.05       0.188
  **TC (mM)**                    4.36 ± 0.89        5.7 ± 0.59         0.000
  **HDL-C (mM)**                 8.85 ± 2.33        9.75 ± 2.71        0.128
  **LDL-C (mM)**                 29.80 ± 7.82       32.25 ± 10.08      0.238
  **TG (mM)**                    5.13 ± 1.35        13.3 ± 3.32        0.000
  **HbA1C (%)**                  7.74 ± 1.49        5.44 ± 0.39        0.32
  **FSI (pM)**                   188.0± 115.72      169.21 ± 65.24     0.939
  **HOMA-IR**                    10.44 ± 10.13      10.06 ± 5.27       0.338

Abbreviations: AST, Aspartate Transaminase; ALT, Alanine Transaminase; FPG, Fasting plasma glucose; FSI, Fasting serum insulin; HbA1C, glycated haemoglobin; HOMA-IR, Homeostatic model for insulin resistance; HDL-C, High density lipoprotein- cholesterol; LDL-C: Low density lipoprotein- cholesterol; PPG, Post prandial glucose; TC, Total cholesterol; TG, Triglycerides.

^a^values are expressed as mean ± SD, P \< 0.05 is significant.

Hypertension was defined on the basis of recommendations by joint national committee (JNC) VIII blood pressure guideline ([@A44805R11]). 7 Individuals (17.5%) in control group and 9 individuals (22.5%) in cases group were found hypertensive. Ethnic specific waist circumference as described in IDF criteria for the defining obesity, was used for diagnosing central obesity in participants ([@A44805R12]). It was observed that 34 patients (85 %) in control group and in cases group 38 (95%) patients were obese. Based on HOMA-IR values, it was found that 38 (95%) individuals were insulin resistant in each group and difference in HOMA IR values was not statistically significant (P = 0.338) ([Table 1](#tbl61309){ref-type="table"}).

4.2. Comparative Analysis of the Biochemical Parameters {#sec245767}
-------------------------------------------------------

Total cholesterol (TC) and TG were found to be significantly higher in cases as compared to controls with (P = 0.000), HDL-C and LDL-C was almost similar in the both groups (P = 0.128 and 0.238 respectively) ([Table 1](#tbl61309){ref-type="table"}). The mean waist circumference was also not significantly different in two groups (P = 0.310). Levels of serum Apo A-V protein and MDA were compared using students' T-test, and IL-6 and FFA were compared with Mannwhitney U test. Apo A-V protein levels was found to be significantly lower (P = 0.040) in cases as compared to that in controls. MDA levels in cases were significantly higher than in controls. (P = 0.049) ([Table 2](#tbl61310){ref-type="table"}).

###### Comparison of Plasma IL-6, FFA and Apo A-V and MDA Levels Among Study Groups^[a](#fn64666){ref-type="table-fn"}^

  Variables             Group 1 (n = 40)   Group 2 (n = 40)   P Value
  --------------------- ------------------ ------------------ ---------
  **Apo A-V (ng/mL)**   466.9 ± 271.8      369.6 ± 68.57      0.040
  **MDA (nmol/mL)**     8.01 ± 3.8         10.05 ± 4.9        0.049
  **IL-6 (pg/mL)**      9.17 ± 17.52       12.25 ± 48.16      0.338
  **FFA (µM)**          23.41 ± 14.21      25.058 ± 9.8       0.291

^a^values are expressed as mean ± SD, P \< 0.05 is significant.

4.3. Correlational Analysis of the Biochemical Parameters {#sec245768}
---------------------------------------------------------

As shown in [Table 3](#tbl61311){ref-type="table"}, a strong positive correlation between MDA and TG levels (P = 0.000) and negative correlation between MDA and HDL levels (P = 0.000) was observed in all participants. A strong positive correlation of MDA was also observed with waist circumference (WC) also (P = 0.008, r = 0.319). To assess whether the association with WC was independent of TG or not, bivariate regression analysis was carried out keeping TG as constant. The analysis revealed that correlation of MDA with WC was independent of TG (B = -0.133, P = 0.019, Lower bound: 0.024, upper bound: 242).

###### Correlation of MDA with Lipid Profile Prameters and Anthropometric Parameters in All Subjects

  Parameter                 P Value   R Value
  ------------------------- --------- ---------
  **TG**                    0.001     0.426
  **HDL**                   0.001     -0.444
  **TG / HDL ratio**        0.001     0.565
  **Waist circumference**   0.008     0.315

Spearman's rho correlation, for non-parametric data was conducted in order to find the association of Apo A-V protein with TG, FFA, IL-6 and MDA in all subjects. Significant correlation was not observed for Apo A-V protein with TG (P = 0.819, r = -0.027) and MDA (P = 0.073, r = -0.217). In addition no significant correlation of Apo A-V was observed with FFA (r = 0.128, P = 0.277) and IL-6 (r = 0.135, P = 0.269). However, it was observed that HOMA-IR correlated significantly with IL-6 (r = 0.288, P = 0.014) and FFA (r = 0.367, P = 0.001) in all patients. On conducting partial regression analysis it was observed that association of IL-6 with HOMA-IR was independent of FFA (r = 0.301, P = 0.01) and vice versa.

5. Discussion {#sec245770}
=============

Diabetes mellitus is a complex and progressive disease, burden of which has increased to the extent of causing serious social and economic impact. With 415 million people worldwide, it is no wonder that today diabetes has become a household word ([@A44805R13]). Vascular complications in T2DM like CAD, nephropathy, retinopathy are attributed to chronic low grade inflammation which is associated with the disease. Various theories are proposed regarding mechanism of inflammation in T2DM such as its association with increased circulating levels of TGs and FFAs and activation of innate immunity ([@A44805R3], [@A44805R14]). Patients of DM have varied derangements in lipid profile particularly TG levels. In addition, incidence of complications is not similar in all patients. Diabetes and HTG are independent risk factors for vascular complications ([@A44805R4]). It is evident that the risk of CVD is much higher in individuals who have DM as well as HTG. Thus it is important in order to study the association and the risk of complications according to TG levels in diabetes patients. Therefore, the study was designed with an aim to evaluate the modulators of TG metabolism in patients of T2DM. This study further tried to find out if there is any association of TG and its modulators with markers of inflammation and oxidative stress.

*Apolipoprotein A-V and HTG in T2DM*: The present study reveals that Apo A-V protein was decreased in patients in whom TG level was ≥ 2.2 mM. This indicates that Apo A-V protein has some role in affecting TG levels. Previously some studies have been conducted in order to evaluate the role of Apo A-V in TG metabolism in non diabetic individuals ([@A44805R6], [@A44805R15], [@A44805R16]). However, some studies have reported mild to moderate positive correlation of Apo A-V protein with TGs; others have observed an inverse relationship between the two parameters. The mechanism of action is proposed for Apo A-V protein by increasing activity of lipoprotein lipase (LPL) and by decreasing VLDL synthesis or secretion ([@A44805R17], [@A44805R18]). As a result of this we expected a significant inverse correlation between Apo A-V protein and TG and a positive correlation of Apo A-V with FFA. However, no correlation was observed between Apo A-V and TG concentration in our study. Apo A-V protein and TG levels along with their correlation has been studied in patients of T2DM previously also ([@A44805R5], [@A44805R19]). However, none of the studies have categorized the patients on the basis of their TG levels. Nonetheless, Pruneta-Deloche et al reported that Apo A-V did not correlate with TG in T2DM, a finding similar to our study ([@A44805R19]). In addition, we also found that Apo AV protein did not correlate with FFA levels which are a hydrolytic product of TG. The absence of any correlation between Apo A-V and TG as well as FFA levels in our study could be explained on the basis that various other apolipoprotein which contributes to TG metabolism. These include Apo CII and Apo A1 which act as cofactors for LPL and lecithin cholesterol acyltransferase (LCAT) respectively. In addition Apo A-II and C-III are important inhibitors of LPL ([@A44805R20]). Dallinga- Thie et al observed that after adjusting for these lipoproteins, contribution Apo A-V in TG metabolism was minimal ([@A44805R5]). This supports the findings of our study also. Though we found a low level of Apo A-V protein in patients with HTG, a significant relation between Apo A-V and TG was not observed indicating that Apo A-V may not be the sole factor in TG modulation at least in diabetes patients.

*Inflammatory markers and HTG in T2DM*: In this study we did not observe significant difference between IL-6 and FFA levels in two groups. There is a possibility that serum IL-6 and FFA levels may not be entirely dependent on TG levels per se. It is well documented that adipose tissue is an important source of these biomarkers ([@A44805R21]). Since obesity was equally prevalent in two groups in our study. Therefore, it is not surprising that we did not observe any significantly high levels of IL-6 and FFA in patients with HTG. In addition our study revealed strong positive association of HOMA-IR with FFA and IL-6 levels which indicated that insulin resistance probably is more important factor for systemic inflammation.

*Oxidative stress and HTG in T2DM*: Oxidative stress has been implicated as culprit in the pathogenesis of complications of diabetes. Hyperglycemia in T2DM leads generation of ROS which reduces oxidative defenses and cause oxidative damage to cell membrane, DNA and cellular proteins ([@A44805R22]). MDA levels represents the extent of oxidative damage caused to the lipids yielding the formation of advanced lipoxidation endproducts (ALEs) which leads to oxidative damage ([@A44805R23]). In our study we found that MDA levels were significantly high in HTG and were significantly associated with TG levels in all patients. This indicates that TGs contributes to oxidative stress ([@A44805R24]) Our findings are similar to the findings of Marcos et al and Al-Aubaidy et al. ([@A44805R22], [@A44805R25]). Therefore, we propose that patients of T2DM with HTG may be prone to develop vascular complications owing to their potential to increase oxidative stress. In our study MDA also correlated negatively with HDL thus showing that reduced level of HDL is also associated with oxidative stress. The negative correlation of MDA with HDL in our study indicates the probable antioxidant role/ action of HDL has been documented previously ([@A44805R20]). We also found a strong direct and independent correlation of MDA with waist circumference in all patients. This shows that obesity in T2DM, independently contributes to increase in oxidative stress in the disease. Similar results in non diabetic individuals have been reported by Furukawa et al which is supported our findings ([@A44805R26]). These results imply that it is important to control central obesity in order to reduce oxidative stress and inflammation.

In addition, our study also demonstrates a direct positive correlation between HOMA-IR and inflammatory biomarkers namely IL-6 and FFA, which indicates that insulin resistance is associated with systemic inflammation in T2DM as has been demonstrated with previous studies by Festa et al and Arkan et al. ([@A44805R2], [@A44805R27]). However, our study proposes that systemic inflammation is more a function of insulin resistance rather than serum TG levels.

5.1. Conclusion {#sec245771}
---------------

Systemic inflammation and increase in oxidative stress play a key role in giving rise to complication of diabetes. Our study indicates that oxidative stress is higher in patients of T2DM who have HTG. Further, our study reveal for the first time that in T2DM, HTG is associated with lower levels of Apo A-V. This indicates that Apo A-V is linked with modulation of TG levels. Since lowering TG levels may help in reducing complications of diabetes, it is probable that Apo A-V may emerge as an important therapeutic target for altering TG levels. However the role of Apo A-V needs to be further explored. This study re-emphasizes that HTG of T2DM results in increased oxidative stress and insulin resistance contributes to systemic inflammation. Thus it is important to control both TG levels and IR in order to minimize the complications of T2DM.
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**Implications for Health Policy Makers:**Controlling TG and insulin resistance may help to decrease the vascular complications which are associated with diabetes by decreasing inflammation and oxidative stress.
